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E-mail address: Elinor.McKone@anu.edu.auHow does holistic/conﬁgural processing, a key property of face perception, vary with distance from an
observed person? Two techniques measured holistic processing in isolation from part-based contribu-
tions to face perception: salience bias to upright in transparency displays, and a difﬁcult-to-see Mooney
face. Results revealed an asymmetric inverted-U-shaped tuning to simulated observer-target distance
(stimulus size and viewer-screen distance combinations). Holistic processing peaked at distances func-
tionally relevant for identiﬁcation during approach (2–10 m; equivalent head size = 6–1.3), fell off stee-
ply at closer distances functionally relevant for understanding emotional nuances and speech (.25–2 m),
and operated over a very wide range of distances (from .46 to 23 m, 47.5–0.6).
 2008 Elsevier Ltd. All rights reserved.1. Introduction Results from all these paradigms are compelling because the phe-The present article forms part of a series investigating the tun-
ing function, in several dimensions, of holistic processing for faces.
In the ﬁeld of face recognition, the terms holistic or conﬁgural pro-
cessing are used to refer to a special style of strong perceptual inte-
gration of information from across the entire internal region of a
face (e.g., Maurer, Le Grand, & Mondloch, 2002; McKone, Kanwish-
er, & Duchaine, 2007; Tanaka & Farah, 1993). The exact nature of
this style of computation is not understood, but its existence has
been demonstrated empirically using many independent para-
digms. Best known are the composite effect (Young, Hellawell, &
Hay, 1987) in which aligning top and bottom halves of two differ-
ent individuals gives rise to an illusion of a new person and a cor-
responding difﬁculty in identifying one half, and the part-whole
effect (Tanaka & Farah, 1993) in which subjects perceive face parts
(e.g., the nose) differently in the context of the original whole face
than when presented alone. Other ﬁndings include multiple
regression evidence of interactive rather than additive processing
of face features in simultaneous matching (Sergent, 1984), evi-
dence from both adult memory and infant dishabituation tasks
that a new combination of old face parts is treated as new face (Co-
hen & Cashon, 2001; McKone & Peh, 2006), a saliency bias towards
upright faces in overlaid upright–inverted transparency displays
(Martini, McKone, & Nakayama, 2006), and an ability of subjects
to ‘see through’ heavy visual noise to perform categorical percep-
tion of facial identity (McKone, Martini, & Nakayama, 2001).ll rights reserved.nomena described occur only for upright, intact, faces. They are not
observed for inverted faces, scrambled faces, or isolated face parts
(Cohen & Cashon, 2001; Martini et al., 2006; McKone & Peh, 2006;
McKone et al., 2001; Sergent, 1984; Tanaka & Farah, 1993; Young
et al., 1987). Also, where tested for nonface objects, the phenomena
have been weak (part-whole, Tanaka & Gauthier, 1997) or absent
(composite, Gauthier, Williams, Tarr, & Tanaka, 1998; Robbins &
McKone, 2007).
Importantly, overall face recognition accuracy does not provide
a direct, or pure, measure of holistic processing. Isolated local parts
can also contribute to performance. For example, subjects can
match eyebrows (Duchaine & Weidenfeld, 2003; Robbins & McK-
one, 2003), identify people via hairstyles (Sinha & Poggio, 1996),
and show above chance memory and discrimination for single face
parts (e.g., McKone et al., 2001; Tanaka & Farah, 1993); also, at
least one face-selective cortical area shows the ability to distin-
guish differences between faces based on parts (Occipital Face
Area, Pitcher, Walsh, Yovel, & Duchaine, 2007).
It cannot be assumed that a variable – such as viewing distance
– will affect part-based and holistic processing in the same man-
ner. Previous literature indicates strong dissociations between
the two components of overall face recognition. Brain injury and
atypical development can selectively damage or selectively spare
holistic processing (Le Grand et al., 2006; Moscovitch, Winocur, &
Behrmann, 1997). Double dissociations can also be obtained in nor-
mal observers; for example, inversion inﬂuences holistic process-
ing more than part-based processing (McKone et al., 2001;
Tanaka & Farah, 1993), while face viewpoint (front through proﬁle)
inﬂuences part-based but not holistic processing (McKone, 2008).
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distance, previous studies have examined only overall face recogni-
tion accuracy, rather than speciﬁcally the holistic component. Lof-
tus and Harley (2005) have provided the most detailed estimates of
how overall face recognition accuracy changes with observer-tar-
get distance. Based on a distance-as-spatial-frequency-ﬁltering
model with empirically derived parameters, they suggested that
identiﬁcation remains at ceiling levels until approximately 7.6 m
(25 ft), is still good at 15 m (50 ft), drops by about 50% at 23 m
(75 ft) and reaches zero at 56 m (150 ft). Consistent with Loftus
and Harley’s model value at 15 m, Lott, Haegerstrom-Portnoy, Sch-
neck, and Brabyn (2005) found young adults were 75% correct to
identify a face from four alternatives at 17.1 m.
An important aspect of Loftus and Harley’s (2005) model is that
it argues degradation of overall face recognition occurs only at long
distances, with no difﬁculties at close viewing distances. This was
based partly on data from Hayes, Morrone, and Burr (1986), who
found that for spatial frequency band-pass faces (e.g., showing
10–20 cycles per face), identiﬁcation accuracy depended on image
frequency but depended on viewing distance only for high spatial
frequency information (ﬁlter centred on 67 cpf). This suggested
that the visual system’s ‘‘modulation transfer function” for overall
face recognition passes all low spatial frequencies, and thus that no
information would be lost at close viewing distances. In direct
empirical support for this idea, Lott et al.’s (2005) description of
their data imply face identiﬁcation was excellent at .75 m (as sim-
ulated distance was increased from .75 to 24 m, they report ‘well-
behaved psychometric curves’ for face identiﬁcation, although the
actual data were not presented).
For overall face recognition, therefore, the tuning function with
distance appears to take the form of ﬂat-then-monotonic-decline,
with good recognition at all distances closer than approximately
7.6 m, followed by decline in accuracy at longer distances.
The aim of the present article is to address, for the ﬁrst time, the
effect of simulated observer-target distance speciﬁcally for holistic
processing. It would seem quite possible that Loftus and Harley’s
(2005) model of distance effects on overall face processing might
not hold true for the holistic component. In particular, one could
imagine that the ability to integrate the parts of a face into a whole
might start to break down at extremely short viewing distances.
Assessing distance effects for holistic processing may be infor-
mative regarding its functional role. In principle, holistic process-
ing could contribute to several important behaviours, including
face identiﬁcation, perception of facial expression, and/or ‘face
reading’ in speech perception. These various functions are, in
everyday life, more relevant at some viewing distances than others.
Identiﬁcation is crucial during approach in the environment, such
as when two people walk towards each other on a footpath. In or-
der to ensure an appropriate social response (e.g., smiling at a col-
league) identiﬁcation often needs to be performed while the other
person is still many metres away (e.g., 5–10 m). Of course, this is
not to say that identiﬁcation is never required at close viewing dis-
tances – for example, a new person may unexpectedly appear
around a corner only 1 m away – but this situation is likely to be
rarer. In the common closer-viewing situation of a conversational
setting, unsupported identiﬁcation is only rarely required. For
example, an observer is likely to identify a participant in future
conversation upon ﬁrst entering a room (when this person is fur-
ther away than the eventual conversation distance), meaning that
the ongoing task of tracking people’s identity can be assisted by
top-down knowledge.
In contrast to identity recognition, perception of emotional
nuances and facial cues to speech become important at conversa-
tional distances (e.g., 1–2 m). Perception of emotional nuance
would also be expected to remain useful even at very close per-
sonal distances (e.g., less than 50 cm). At further distances (e.g.,10 m), however, subtle cues to emotion and speech are unlikely
to be needed and, indeed, the resolution of the face stimulus may
be insufﬁcient to reveal the relevant small facial movements. Thus,
in general, the functional need for identiﬁcation is likely to be
strongest at further distances, and for expression and speech per-
ception at closer distances.
Holistic processing has been demonstrated for both identity
(e.g., Young et al., 1987) and expression (Calder, Young, Keane, &
Dean, 2000; White, 2000). In both cases, however, previous tests
cover only a small range of the common viewing distances for real
faces, and fall mostly in the ‘conversational’ region. For identity
tests employing the composite effect, faces have ranged in height
from 4.1 to 6.0. Stimulus sizes can be converted to equivalent dis-
tances from a real head by assuming the average head is approxi-
mately 22 cm high (Farkas, Hreczko, & Katic, 1994) and estimating
the proportion of a full head included in the stimulus. This proce-
dure gives example observer-target distances of 1.26 m (Robbins &
McKone, 2003), 1.42 m (Robbins & McKone, 2007), 1.74 m (Michel,
Rossion, Han, Chung, & Caldara, 2006), 1.75 m (Young et al., 1987),
2.09 m (Khurana, Carter, Watanabe, & Nijhawan, 2006), and 2.33 m
(Goffaux & Rossion, 2006). For the expression composite effect,
Calder et al. (2000) used 6.8, corresponding to a somewhat closer
.94 m.
Given that low-pass ﬁltered faces present similar information to
the visual system as unﬁltered faces viewed from further away
(Loftus & Harley, 2005; see Fig. 1), results from Goffaux and Ros-
sion (2006) are also of potential relevance. These authors tested
only one observer-target distance equivalent (2.3 m), but manipu-
lated the spatial frequency content of the face stimuli. Results
showed the composite effect was signiﬁcant but small for high-
pass faces (32–128 cycles per face, 7.8–31.2 cycles per degree),
stronger for medium-pass faces (8–32 cpf, 1.95–7.8 cpd) and stron-
gest for low-pass faces (2–8 cpf; 0.49–1.95 cpd; see Fig. 1). Indeed,
the composite effect for low-pass faces was as strong as the effect
for full spectrum faces. A possible interpretation of these results is
that holistic processing is strongest when the stimulus matches the
natural input that would occur at long viewing distances. Note,
however, this interpretation is by no means certain: the weak
holistic processing for high-pass faces in Goffuax and Rossion’s
study could also have arisen because these stimuli do not resemble
a natural face viewed at any distance.
In the present study, observer-target distance effects (manipu-
lated via a combination of stimulus size and observer-screen dis-
tance) were assessed using two tasks previously shown to
provide pure measures of holistic processing: a salience bias to up-
right in superimposed faces task (Martini et al., 2006), and a difﬁcult-
to-see Mooney face task (McKone, 2004). The intention was to map
out the distance tuning function in detail, and so it was important
to be able to test many different observer-target distances and to
perform curve ﬁtting. The two methods were selected partly be-
cause they are very time efﬁcient, allowing testing of 21 sizes
(Experiment 1a), 14 sizes (Experiment 1b) or 54 sizes (Experiment
2) in 1 h per subject.
Another important advantage of both the superimposed faces
and difﬁcult-Mooney tasks was that the task instructions do not
explicitly refer to either facial identity or facial expression: instead,
subjects are simply presented with ‘a face’, in which the identity
and expression information are both available. This latter point
was the primary reason for preferring the current methods to the
composite task. The composite task also can provide a pure mea-
sure of holistic processing, but was not suitable for the present re-
search because it is not neutral with respect to type of information
subjects are instructed to use: subjects are told either to attend to
identity (identity composite task, e.g., name the top-half person) or
to attend to expression (expression composite task, e.g., name the
top-half expression). In the present study, the interest was in the
Fig. 1. Viewing distance, blurring, spatial ﬁltering, and holistic processing. (A) Examples from Loftus and Harley (2005) showing Julia Roberts’ face in full spectrum (left) and
as she appears to the visual system at 13.11 and 52.42 m, based on their model in which the effect of increasing distance is to increase blurring by ﬁltering out initially high
then also increasingly lower spatial frequencies (with the exact upper cutoffs at each distance estimated from empirical ﬁndings). (B) Goffaux and Rossion (2006) found
holistic processing (composite effect) was as strong for faces containing only low spatial frequencies as for full spectrum faces, with medium-pass and high-pass faces
(deﬁned using frequency bands typical in the face literature) producing weaker holistic processing. If this occurs because the LSF face appears like a natural face viewed at a
distance, then the prediction would be that holistic processing should be at a maximum at a simulated viewing distance that matches the level of blurring in the LSF face:
according to Loftus and Harley’s model, this occurs at a distance noticeably longer than 13 m (the LSF face is much more blurred than is Julia Roberts at 13.11 m), and perhaps
more like 30 m (the LSF is at least as similar in blur to the 52.42 m as to the 13.11 m Julia Roberts). Note this prediction was disconﬁrmed. Instead, the peak of holistic
processing corresponded to a face seen at 2–10 m, which should appear to the visual system as containing at least medium in addition to low frequencies, and sometimes
high frequencies as well (e.g., for 2 m). Face images were kindly provided by Geoffrey Loftus and by Valerie Goffaux.
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mon situation where a face simply appears and both identity and
expression are potentially relevant information to process.
2. Experiment 1 – Contrast matching in transparency displays
The superimposed face task (Martini et al., 2006) is illustrated
in Fig. 2. An upright and an inverted version of the same face are
superimposed in transparency. When the faces are of physically
equal contrast, the upright face is perceived more strongly
(Fig. 2a). In order to make the two faces equally easily perceived,
it is necessary to weaken the relative contrast of the upright face.
At the point of subjective equality – determined by allowing sub-
jects to adjust the relative contrast – most subjects report a rivalry
phenomenon. That is, they see the upright face ‘coming through’
for a while, then the inverted face, and so on. Fig. 2c illustrates
the average point of subjective equality across observers (at a stim-
ulus size of approximately 1.6). Individual readers are unlikely to
perceive rivalry at exactly this contrast ratio, but readers who wish
to see an illustration of the general type of rivalry phenomenon are
referred to Fig. 2d (which shows superimposed +45 and 45
faces of equal contrast, following Boutet & Chaudhuri, 2001).
In the upright–inverted salience bias task, Martini et al. (2006)
showed that, when the superimposed stimuli were whole faces,
the point of subjective equality was consistently biased in favourof the upright face. That is, subjects set the physical contrast of
the upright face to be signiﬁcantly lower than that of the inverted
face (‘% upright’ scores less than 50%).
Martini et al. (2006) also tested two critical control conditions.
The ﬁrst was scrambled faces, in which all face features maintained
their original orientation but were scrambled in position. Scram-
bled faces are not processed holistically (e.g., no part-whole effect,
Tanaka & Farah, 1993). Martini et al. found that superimposing an
upright and inverted version of the scrambled face (Fig. 2b) pro-
duced no saliency bias to upright (i.e., no difference from 50:50).
This demonstrates that the bias to upright for intact faces derives
from holistic processing. A second control was intact faces lit pre-
dominately from below rather than from above. Results showed
the bias towards upright was independent of lighting direction;
that is, it again followed face structure. The validity of the task as
providing a measure of holistic processing is further supported
by Martini et al.’s ﬁnding that the tuning curve produced with im-
age-plane rotation (i.e., the strength of the bias towards the more-
upright face as that face was gradually rotated away from upright
towards inverted) closely matched the tuning curve reported with
ﬁve other measures of holistic processing, namely the composite
effect (Rossion & Boremanse, 2008), the Mooney face task used
in Experiment 2 (McKone, 2004), the peripheral inversion effect
(McKone, 2004), categorical perception in noise (McKone et al.,
2001), and the Thatcher illusion (Murray, Yong, & Rhodes, 2000).
Fig. 2. Experimental stimuli. (A) The intact-conﬁguration face superimposed in upright and inverted versions from the salience match task, shown at 50% upright
(Experiment 1). Readers should experience an illusion in which the upright face is perceived more strongly, despite equal contrast of upright (U) and inverted (I). (B) The
scrambled face control stimulus for the salience match task, again at 50% upright. (C) The 44% upright face, illustrating the approximate average salience match stimulus at
the distance that maximised holistic processing (see Fig. 3). (D) An illustration of the rivalry phenomenon, using faces of different identity and equal contrast superimposed at
±45 (if rivalry is not perceived with head vertical, readers can observe the general effect by tilting the head slightly left then slightly right of vertical); note this stimulus was
not used in the experiment. (F) The upright Mooney face stimulus (Experiment 2); the face is a young attractive Caucasian woman lit from top right. (E) The Mooney task pre-
test stimuli used to screen subjects for ability to see the target face upright but not inverted.
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ing distances from a real head of 106 cm for the same face as used
here (showing hairline-to-chin; Fig. 2a), and 140 cm for a different
full head stimulus. Here, Experiment 1 uses the saliency bias mea-
sure to examine holistic processing at multiple image sizes (verti-
cal visual angle 0.14–89.86) corresponding to viewing distances
ranging from .062 (i.e., 6.2 cm) to 26 m. Experiment 1a provided
good coverage of the .062–6.2 m range. Experiment 16 was subse-
quently conducted to provide detailed coverage in the 2.6–26 m
range.
2.1. Method
2.1.1. Subjects
For Experiment 1a, 11 ﬁrst year psychology students partici-
pated for course credit (age range 18–35 years). For Experiment
1b, 11 new undergraduate and postgraduate students participated,
receiving payment of $12 (age range 18–44 years). All subjects
were naïve as to the purposes of the experiment, reported normal
or corrected to normal visual acuity, and were Caucasian (the same
race as the face stimuli).
2.1.2. Design
Each Experiment 1a subject was tested on all conditions of that
experiment (see Table 1), which comprised 21 simulated observer-
target distance conditions (i.e., 21 visual angles), formed from 23
combinations of screen distance (60, 40, 20 and 10 cm) and stimu-
lus size, for both normal and scrambled faces. Each Experiment 1b
subject was tested on all conditions of that experiment, which
comprised 14 simulated observer-target distances, formed from
different stimulus sizes at a single screen distance (2.5 m), for nor-
mal faces only. Intact faces were tested in both sub-experiments.Scrambled faces were tested in Experiment 1a but not in Experi-
ment 1b, because Experiment 1a conﬁrmed that bias for these
faces did not differ from 50:50 (replicating Martini et al., 2006),
and excluding them allowed the collection of more reliable data
(i.e., more trials per distance condition) for normal faces.
The task required subjects to adjust the relative contrast of the
upright and inverted versions of the superimposed faces until each
was perceived as equally salient. The dependent variable was the
resulting percentage of the upright face in the compound up-
right–inverted stimulus.
2.1.3. Stimuli
Fig. 2 shows the stimuli. The intact face was a young male taken
from the Harvard Face database (F. Tong & K. Nakayama), photo-
graphed with lighting from in front and above. The scrambled face
(Experiment 1a only) was the same image in which the features
had been shifted around while retaining their original orientation.
An upright and inverted version of the same face were superim-
posed. Versions of the stimulus were then prepared in which rela-
tive contrast of each component face was varied (in 1% steps over
range of 20% upright–80% inverted, to 80% upright–20% inverted),
while holding the contrast of the composite image constant, using
the opacity function in Adobe Photoshop 5.5. This uses a mixing
rule identical to the fading operation in morphing algorithms and
is described more exactly in Martini et al. (2006, p. 2103). (Note,
in the newer Photoshop CS2, the opacity function produces quite
different stimuli.)
The range of stimulus visual angles (see Table 1) was achieved
both by changing the size of the image on the screen and the dis-
tance of the screen from the subject. In Experiment 1a, four obser-
ver-screen distances were used (60, 40, 20 and 10 cm), and the
stimuli were rendered in a vertical number of pixels ranging from
Table 1
Experiment 1. Conditions tested, including stimulus visual anglesa (VA) at each viewer-screen distance, and conversion to simulated observer-target distance (to a real head); plus
results, showing % upright in the stimulus selected to match salience, averaged overall subjects, for intact and scrambled faces (Experiment 1a) or intact faces only (Experiment
1b).
Experiment 1b Experiment 1a Simulated
observer-target
distance (m)
Intact Faces
Mean (%
upright)
Intact Faces
SEM (%
upright)
Scrambled
Faces Mean (%
upright)
Scrambled
Faces SEM (%
upright)
250 cm viewer-
screen distance
VA ()
60 cm viewer-
screen distance
VA ()
40 cm viewer-
screen distance
VA ()
20 cm viewer-
screen distance
VA ()
10 cm viewer-
screen distance
VA ()
0.275 25.96 48.44 0.88 N/A N/A
0.297 24.05 48.09 1.02 N/A N/A
0.326 21.87 48.22 1.01 N/A N/A
0.362 19.72 47.58 1.19 N/A N/A
0.373 19.13 b 50.36 0.92 51.07 2.15
0.404 17.69 47.42 1.03 N/A N/A
0.461 15.50 47.39 1.12 N/A N/A
0.534 13.36 46.21 1.08 N/A N/A
0.623 11.45 44.80 1.01 N/A N/A
0.718 9.94 45.28 0.97 N/A N/A
0.819 8.71 45.25 0.84 N/A N/A
0.950 7.52 45.70 0.88 N/A N/A
1.146 6.23 44.36 0.92 51.50 3.12
1.187 6.01 45.83 1.18 N/A N/A
1.575 4.53 45.91 0.90 N/A N/A
1.919 3.72 44.95 1.06 49.68 1.23
2.694 2.65 45.35 1.07 N/A N/A
4.237 1.68 47.95 0.69 49.09 3.06
6.556 1.09 47.91 1.32 53.73 3.03
8.870 .80 48.73 0.95 47.86 1.79
11.190 11.190 .64 48.93 0.84 47.91 1.01
13.510 13.510 .53 48.39 0.65 46.52 0.90
15.829 .45 48.09 0.64 48.45 0.91
18.147 .39 48.32 1.31 49.50 0.78
20.465 .35 47.27 1.39 51.59 1.35
22.784 .31 48.23 0.97 48.77 2.53
25.102 .28 48.00 0.96 49.41 0.56
27.400 .27 47.86 0.87 51.55 1.05
28.000 .25 47.41 0.66 49.14 1.16
43.898 .16 47.95 1.53 49.27 1.77
51.978 .128 48.86 0.57 47.50 1.74
53.016 .125 49.18 1.15 51.45 1.63
71.658 .086 49.09 0.77 49.55 1.48
88.54 .064 49.59 0.54 50.45 1.91
89.86 .062 48.91 0.68 48.36 1.31
a Stimulus visual angle = chin to mid-forehead (i.e., egghead stimuli).
b Data from the 19.13 m Experiment 1a stimulus were not included in analysis, because the small number of screen pixels used to render the stimulus appeared
problematic (see main text).
272 E. McKone / Vision Research 49 (2009) 268–28315 for the smallest image to 785 for the largest image. In Experi-
ment 1b, a single observer-screen distance was used (250 cm)
and the stimuli were rendered in a vertical number of pixels rang-
ing from 46 for the smallest image to 454 for the largest image.
Table 1 also lists corresponding distances to a real head. These
were calculated based on 14.46 cm as an average height for the re-
gion of head shown in the test image (based on measuring 10 Cau-
casian lab members).
2.1.4. Procedure
Subjects were shown the saliency bias effect before beginning
the experiment, using a variety of different opacity levels. Formal
instructions to subjects were to ‘‘Adjust the transparency of the
faces until the two faces are equally visible. This may mean that
the actual brightness of the two faces differs. When the faces are
equally visible there may be apparent rivalry between the two as
is seen in the Necker cube [demonstrate with 3-dimensional phys-
ical Necker cube].” On each experimental trial, the starting point
stimulus was always a face of randomly chosen opacity value that
was easily perceived as being well away from the salience match
point (e.g., 24% or 75%, not 45%). To match salience, subjects could
press keys that changed the stimulus opacity in steps of ±5% or
±1%.Subjects were tested individually. Each experiment took
approximately 1 h. Psyscope software (Cohen, MacWhinney, Flatt,
& Provost, 1993) was used to control stimulus presentation. A chin-
rest was used.
In Experiment 1a, for each stimulus type (intact, scrambled),
each subject was tested at four observer-screen distances (60, 40,
20 and 10 cm) forming eight separate blocks of trials. Data for each
subject came from two trials per condition, at each of 3 stimulus
sizes for 10 cm, 3 stimulus sizes for 20 cm, 9 stimulus sizes for
40 cm, and 8 stimulus sizes for 60 cm. These 23 conditions col-
lapsed to 21 visual angles as shown in Table 1. Two visual angles
were created via two different combinations of stimulus size and
observer-screen distance; preliminary analysis of the data (both
here and for the Mooney face in Experiment 2) conﬁrmed that bias
scores tracked visual angle (i.e., equivalent distance form a real
head) rather than either component separately. Order of the four
screen distances was counterbalanced across subjects. Within each
screen distance, order of stimulus sizes was randomised for each
subject. The three larger observer-screen distances were run on
an iMac computer with a 36 cm screen set to a resolution of
1024  768 pixels. The 10 cm distance trials were conducted on a
Power Mac 7200/75 with a 41 cm monitor set to the same resolu-
tion (making the pixels larger).
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Fig. 3. Results averaged overall subjects. (A) Experiment 1: salience bias task for the intact face, from Experiment 1a (open circles) and Experiment 1b (ﬁlled circles). Scores
less than 50% represent a bias to upright; a reversed scale has been used to allow comparison with the Mooney face task. Scrambled face scores are given in Table 1 and did
not differ from 50%. (B) Strength of holistic processing in the salience task (difference between 50% and bias score) grouped by distance category. (C) Experiment 2: Mooney
face task for upright (square) and inverted (diamond) stimulus. For the rating scale, 1 = weakest/least 3-dimensional; 9 = strongest/most 3-dimensional. (D) Strength of
holistic processing in the Mooney task (difference between upright and inverted ratings) grouped by distance category. Note: In (B) and (D), error bars show ±1 SEM. Error
bars are not included in (A and C) because the data points become impossible to see; SEMs are available in Tables 1 and 2.
1 Throughout, all t-tests were two-tailed.
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condition (making each condition score rather more reliable than
in Experiment 1a). Each subject received 168 trials in total (14 con-
ditions each appearing 12 times), organised into 6 blocks, with
condition order random within each block. The experiment was
conducted on an iMac computer with 36 cm screen set to a resolu-
tion of 1024  768 pixels. All computers had CRT screens.
2.1.5. Exclusion of 19.13 m condition of Experiment 1a
Results from the 19.13 m (.372) condition of Experiment 1a
were excluded from all analyses because (a) seeing the rivalry
phenomenon in the saliency task requires relatively good stimu-
lus resolution, (b) the 19.13 m stimulus had been rendered in
only 15 pixels (vertical) in Experiment 1a, and (b) when
similar-sized stimuli were rendered in more detail (i.e., more
screen pixels) in Experiment 1b results clearly revealed holistic
processing that had been absent with the 15 pixel stimulus
(see Table 1).
2.2. Results
Scores in Table 1 indicate percent-of-upright in the equal-sal-
iency image. Numbers less than 50% indicate a bias towards up-
right. Fig. 3a shows results for intact faces for each speciﬁc size
tested, converted to equivalent distance from a real head.
2.2.1. Scrambled face control (Experiment 1a only)
To be able to attribute bias to upright to holistic processing, it
was important to show that there was no bias to upright for the
scrambled face control task; that is, that any bias for intact faces
relied not only on the individual parts being upright, but insteadon the entire face structure being upright. Averaging across all vi-
sual angles, the mean for scrambled faces (M = 49.5) was not differ-
ent from 50%, SEM = 0.61, t(10) = .914, p = .382.1 Repeated
measures ANOVA also found no evidence that scrambled face
scores might have deviated from 50% in any region of viewing dis-
tance: there was no main effect of distance F(19,190) = 1.006,
MSE = 32.329, p = .456, and no signiﬁcant trend components (lin-
ear F(1,10) = 0.146, MSE = 59.249, p = .710; up to Order 5, all
ps > .3).
Thus, replicating Martini et al. (2006), scrambled faces
showed no bias to upright. Also note (Table 1) that the responses
for scrambled faces were highly variable; not only were the SEMs
at each distance noticeably larger than for intact faces, but there
was also a lack of consistency of mean scores across adjacent and
nearby distances, with scores varying quite wildly and appar-
ently randomly on either side of 50%. This corresponded to sub-
jects’ verbal reports for scrambled faces: subjects reported no
rivalry (i.e., they never saw a whole stimulus in either orienta-
tion), and instead said they could match salience only on local
parts one at a time. This can lead to highly variable salience
match values, depending on which part/s are selected on partic-
ular trials. One implication of the high variance was that it was
not feasible to compute holistic processing as intact–scrambled
difference scores; instead, the lack of difference from 50% of
the scrambled scores was taken as justiﬁcation to consider any
signiﬁcant deviation from 50% for intact faces as evidence of
holistic processing.
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For intact faces (Fig. 3a), the average score across all distancesdif-
fered signiﬁcantly from 50% in both Experiment 1a, t(10) = 2.821,
p = .018, and Experiment 1b, t(10) = 4.057, p = .002. More impor-
tantly, both experiments revealed signiﬁcant trends across distance,
reﬂecting the general inverted-U-shaped tuning function apparent
in Fig. 3a. In Experiment 1a (closer distances), repeated measures
ANOVA revealed a main effect of distance, F(19,190) = 3.697,
MSE = 4.980,p < .001,witha signiﬁcantupwards linear trendcompo-
nent, F(1,10) = 20.201, MSE = 6.893, p < .005. In Experiment 1b (fur-
ther distances), repeatedmeasures ANOVA revealed amain effect of
distance, F(13,130) = 4.858, MSE = 3.622, p < .001, and a signiﬁcant
downwards linear trend component, F(1,10) = 8.427, MSE = 19.749,
p = .016. A more complex form than merely a linear increase fol-
lowed by a linear decrease was indicated by the presence of signiﬁ-
cant higher-order components: cubic (p < .001) and quartic
(p < .01) in Experiment 1a, and Order 5 (p < .03) in Experiment 1b.
These are consistent with the large ﬂat region that can be seen in
the middle of the tuning function in Fig. 3a, corresponding to a
broadly-tunedmaximum of holistic processing from 2 to 10 m.
2.2.3. Intact faces – Grouping into distance categories
Fig. 3b groups the results for intact faces into several distance
categories. For Experiment 1a, these were: very close personal dis-
tance (less than or equal to 0.15 m), conversational distance appro-
priate with friends or in a crowded setting (0.25–0.80 m);
conversational distance common with work colleagues (0.8–
2 m); and identiﬁcation during approach distances (2–10 m). For
Experiment 1b, they were 2–10 m (overlapping with Experiment
1a), 10–20 m, and 20–30 m.
Analysis ﬁrst compared each distance category to 50%, to deter-
minewhether signiﬁcant holistic processingwas present at that dis-
tance. For the very close personal category, therewas no evidence of
holistic processing, t(10) = 1.60, p = .142. Beyond these distances,
holistic processing was signiﬁcant (with no correction for multiple
comparisons) at a very broad range of intermediate distances rang-
ing from conversation-with-friend to 10–20 m: for conversation-
with-friend, t(10) = 2.46, p = .034; conversation-with-colleague,
t(10) = 2.50, p = .031; identiﬁcation (2–10 m), t(10) = 6.96, p < .001
for Experiment 1a, t(10) = 4.89, p = .001 for Experiment 1b; 10–
20 m, t(10) = 3.182, p = .008. The effect at extremely far distances
of 20–30 m was not signiﬁcant, t(10) = 1.962, p = .078.
Note that two forms of more conservative tests could be con-
ducted: use of Bonferroni correction (on the grounds that the 6 dis-
tance categories were determined at least partly posthoc); and/or
comparison to the scrambled face mean of 49.5 rather than the
equal-physical-contrast value of 50. With both of these ap-
proaches, the holistic processing at 2–10 and 10–20 m remain sig-
niﬁcant, but the effects at the two conversational distances become
nonsigniﬁcant. Note, however, that there is also no convincing evi-
dence that holistic processing was absent at these closer distances.
The Bonferroni correction reduces power (thus reducing the reli-
ability of conclusions that an effect is absent compared to uncor-
rected analyses), and moreover 12 out of 12 individual distance
conditions in the conversational range gave scores <50 (and, in-
deed, <49.5), which is signiﬁcant on a simple sign test.
Finally, each distance category was compared to its neighbour
(using repeated measures t-tests) to examine where signiﬁcant
changes across categories occurred. Consistent with the trend analy-
sis results, therewas a signiﬁcant increase in bias to upright between
conversation-with-colleague distances and the identiﬁcation
distance of 2–10 m, t(10) = 6.409, p < .001, and a signiﬁcant decrease
in bias between 10–20 and 20–30 m, t(10) = 2.826, p = .018 (without
correction; both these effects also survive Bonferroni correction). No
other differences were signiﬁcant (ps > .2, without correction; notecorrection here is of no value because itwould decrease the reliability
of these null ﬁndings). Also note that, as would have been hoped, the
mean bias in the 2–10 m range did not differ between the two
independent samples of subjects in Experiment 1a (M = 44.7), and
Experiment 1b (M = 45.5), t(20) = .753, p > .4.
2.2.4. Summary
Experiment 1 revealed a U-shaped tuning curve for holistic pro-
cessing, with a broad ﬂat peak at 2–10 m, weakening at both closer
and further distances. Signiﬁcant holistic processing was con-
ﬁrmed for the identiﬁcation-relevant distance categories of 2–10
and 10–20 m. Regarding conversational distances (.25–2 m), statis-
tical evidence for holistic processing was somewhat ambiguous,
although at least as supportive of holistic processing being present
as it being absent. Also note that a large number of previous stud-
ies have tested in the further part of the conversation-with-col-
league range (1.26–1.75 m), and reported signiﬁcant holistic
processing (e.g., Michel et al., 2006; Robbins & McKone, 2003,
2007; Young et al., 1987). At very close distances (<.15 m), there
was no evidence of holistic processing, and the effect was also non-
signiﬁcant at very far (>20 m) distances.
One point of note about the superimposed faces task of Exper-
iment 1 is that it produces only a moderately strong bias towards
upright even in the 2–10 m peak range (upright:inverted ratio of
approximately 45:55, or a 10% difference in contrast), in conjunc-
tion with relatively large error variability both within and across
subjects. This means that, although the task has very clearly been
able to indicate both the existence of a generally U-shaped tuning
function and the position of the peak strength of holistic process-
ing, it is not sufﬁciently powerful to give a very accurate idea of
the exact rate of falloff at distances closer or further than this peak
region. This problem is solved in Experiment 2.3. Experiment 2 – Difﬁcult-to-see Mooney face
Experiment 2 provides an independent test of the tuning func-
tion of holistic processing with viewing distances, using a different
method to isolate holistic processing. The stimulus was a difﬁcult-
to-see Mooney face (Mooney, 1957). Mooney faces are high-con-
trast images showing lit surfaces as white and shadowed surfaces
as black. The particular stimulus used is shown in Fig. 2e. McKone
(2004) found that, for this particular image (note this property is
not true of all Mooney faces), approximately 80% of people can
see the face upright but not inverted. For such people, it does not
seem to matter how often (or for how long) the stimulus is exam-
ined: if the inverted face is not seen more-or-less immediately,
the face never appears. The perception of the face upright but not
inverted is taken as the criterion that the stimulus isolates holistic
processing for a given subject. McKone (2004) showed that, again,
perception depended on the orientation of face structure, not light-
ing direction: the stimulus face is lit asymmetricallywith respect to
face orientation (i.e., from right-top rather than directly from
above), yet when the stimulus was rotated in the image plane the
orientation tuning curve showed symmetrical falloff on either side
of upright.
Compared to Experiment 1, the Mooney face task had two
advantages. First, previous studies had found greater stability of
scores within subjects for the Mooney task (McKone, 2004) than
for superimposed faces (Martini et al., 2006), potentially giving
higher statistical power, and also allowing examination of individ-
ual-subject differences in tuning. Second, the simpler Mooney
stimulus can be rendered effectively in fewer pixels. Together with
enhanced power, this gave potential for a better test of whether
holistic processing might operate signiﬁcantly at very long simu-
lated distances.
Table 2
Experiment 2. Conditions tested, including stimulus visual anglesa at each viewer-screen distance, and conversion to simulated observer-target distance (to a real head); plus
results, showing Mooney face ratings, averaged over strength and 3-dimensionality responses (1 = least, 9 = most).
60 cm viewer-screen
distance VA ()
40 cm viewer-screen
distance VA ()
10 cm viewer-screen
distance VA ()
Simulated observer-
target distance (m)
Upright
ratings mean
Upright
ratings SEM
Inverted
ratings mean
Inverted
ratings SEM
0.373 34.68 1.80 0.29 1.83 0.56
0.480 27.45 2.51 0.55 1.05 0.04
0.566 23.53 3.93 0.54 1.09 0.04
0.760 17.34 5.89 0.60 1.25 0.06
0.953 13.73 6.45 0.60 1.45 0.11
1.146 11.56 7.25 0.47 1.53 0.14
1.339 9.83 7.88 0.34 1.31 0.09
1.532 8.56 7.97 0.29 1.43 0.13
1.726 7.66 8.19 0.25 1.71 0.17
1.919 6.86 8.05 0.34 1.67 0.18
2.498 5.27 8.20 0.23 1.72 0.19
3.078 4.28 8.33 0.23 1.54 0.17
3.658 3.60 8.10 0.24 1.54 0.16
4.237 3.11 8.09 0.25 1.69 0.21
4.817 2.73 7.97 0.29 1.67 0.24
5.396 2.44 8.03 0.31 1.71 0.22
5.976 2.20 7.81 0.34 1.75 0.25
6.555 2.01 7.81 0.29 1.58 0.20
7.135 1.84 7.53 0.41 1.66 0.22
7.715 1.70 7.41 0.36 1.59 0.17
8.294 1.59 7.39 0.47 1.64 0.17
8.874 1.58 7.30 0.36 1.65 0.22
9.453 1.39 7.32 0.32 1.69 0.22
10.033 1.31 7.19 0.40 1.63 0.22
10.613 10.613 1.24 6.90 0.47 1.66 0.26
11.192 11.192 1.17 7.24 0.39 1.65 0.22
11.772 11.772 1.12 7.26 0.43 1.54 0.18
12.351 12.351 1.06 6.67 0.40 1.59 0.17
12.931 12.931 1.01 6.77 0.40 1.62 0.19
13.510 13.510 .97 6.84 0.47 1.57 0.20
14.090 .93 6.64 0.48 1.49 0.18
14.670 .89 6.55 0.45 1.60 0.19
15.249 .86 6.07 0.46 1.52 0.24
15.829 .83 6.13 0.51 1.43 0.17
16.408 .80 6.44 0.37 1.61 0.22
16.988 .77 6.22 0.46 1.44 0.19
17.568 .75 6.01 0.49 1.61 0.24
18.147 .72 5.93 0.47 1.60 0.24
18.727 .70 5.71 0.47 1.53 0.22
19.306 .68 5.45 0.50 1.45 0.18
19.886 .66 5.58 0.57 1.53 0.25
20.465 .64 5.63 0.55 1.46 0.18
21.045 .62 5.54 0.50 1.53 0.22
21.625 .60 5.30 0.42 1.44 0.22
22.204 .59 4.99 0.65 1.54 0.19
22.784 .57 5.04 0.43 1.42 0.20
23.363 .56 4.97 0.50 1.44 0.21
23.943 .54 5.44 0.45 1.55 0.30
24.523 .53 4.79 0.55 1.53 0.26
25.102 .52 4.93 0.54 1.44 0.23
25.682 .51 4.62 0.47 1.37 0.15
26.261 .49 4.49 0.58 1.43 0.21
26.841 .48 4.62 0.58 1.35 0.16
28.000 .46 4.23 0.62 1.33 0.17
84.730 .126 3.00 0.47 1.06 0.03
86.030 .123 2.93 0.48 1.39 0.17
87.332 .120 2.90 0.48 1.17 0.05
89.856 .115 2.97 0.45 1.33 0.11
a Stimulus visual angle = chin to top-of-head (i.e., full head stimuli).
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3.1.1. Subjects
The 10 naïve subjects included ﬁrst year psychology students
participating for course credit and later year students participating
for $10 (age range 18–35 years). Subjects satisﬁed the same criteria
as in Experiment 1. They also passed a pre-test designed to ensure
perception of the face upright but not inverted (see McKone, 2004,
for full details). This involved choosing which of a test–distractor
pair (Fig. 2f) contained the face, following by rating perceivedstrength of the face in the stimulus they had chosen, and then stat-
ing its sex, age, race and attractiveness. The test–distractor pair
was presented ﬁrst inverted, and then upright. Inclusion criteria
for subjects were (a) answering all questions correctly for upright
together with a high perceived strength rating, and (b) making er-
rors for inverted together with a low perceived strength rating. Fol-
lowing this formal test, we also questioned subjects explicitly to
conﬁrm that they could not see the inverted face before proceeding
(e.g., we rotated the page and asked them to tell us at what angle
the face disappeared).
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Each subject was tested on theMooney face stimulus at 54 stim-
ulus visual angles, both upright and inverted. Four of the subjects
were also testedon4 larger angles. Two ratingmeasureswere taken:
‘‘How strongly/consistently do you see the face?” and ‘‘How 3-
dimensionaldoes the face look?”. Bothweremeasuredona1–9scale
where 1 was ‘‘not at all” and 9 was ‘‘perfectly”. Results for the
strength and 3-dimensionality ratings did not differ, and so were
combined.
3.1.3. Stimuli and procedure
Table 2 lists the vertical visual angles tested and the viewing
distance from the screen used to produce these angles. Visual angle
is for the whole stimulus. This visual angle thus covers a region
including the hair and some of the neck (as opposed to mid-fore-
head to chin in Experiment 1).
Each block of trials used one task (e.g., rating 3-dimensionality)
and one observer-screen distance (e.g., 40 cm). All visual angles
listed in Table 1 for that distance were presented once upright in
each block, and once inverted, with order of size and orientation
randomised for each subject within the block. Each subject com-
pleted 3 blocks of each screen distance and task combination. Or-
der of distances and tasks was counterbalanced across subjects.
After collapsing across task, data in each condition (e.g., upright vi-
sual angle = 1.146) represented an average of 6 trials for each sub-
ject, or 12 trials per subject for the six visual angles tested at both
40 and 60 cm screen distances. Again, results for a given visual an-
gle did not differ depending on the screen distance at which they
had been tested.
On each trial, the face was displayed until response. Testing
time was 1 h per subject for the total of 768 trials. Equipment
and software was as for Experiment 1.
3.2. Results
Mean ratings for upright and inverted are listed in Table 2 and
plotted in Fig. 3c.
3.2.1. Inverted face control
For inverted faces, the ratings were close to the minimum of the
scale (averaged across all distances, M = 1.52, SEM = 0.16),
although statistically higher than 1, t(9) = 3.18, p = .011. Given that
no subject reported ever truly ‘seeing’ the face in the inverted ori-
entation, this most likely reﬂects the fact that the layout of the re-
sponse keys along the top of the keyboard meant that an incorrect
button press would inevitably be of a number higher than 1. It
could also reﬂect some unwillingness on subjects’ part to use the
complete rating scale range. Whatever the exact cause, the fact
that inverted ratings were signiﬁcantly greater than 1 meant that
upright scores could not be analysed in isolation; instead, the up-
right–inverted difference provided the relevant measure of holistic
processing.
3.2.2. Upright–inverted differences – An asymmetric U-shaped tuning
function for holistic processing
For means in Fig. 3c, a two-way ANOVA including orientation
(upright, inverted) and distance (including only the 53 distances
viewed by all subjects) revealed a main effect of orientation,
F(1,9) = 181.990, MSE = 6322.269, p < .001, indicating higher over-
all ratings for upright than inverted and conﬁrming the presence of
holistic processing. More importantly, the strength of holistic pro-
cessing varied across viewing distance, as indicated by an orienta-
tion  distance interaction in the ANOVA, F(52,468) = 14.695,
MSE = 0.525, p < .001. Also, as in Experiment 1, the trend of holistic
processing across distance took a complex form, with trend analy-
sis showing interactions of distance with orientation for not onlythe quadratic component of distance, F(1,9) = 43.216, MSE =
2.200, p < .001, but also all components from cubic to Order 6 (all
ps < .003). Fig. 3c indicates that, consistent with Experiment 1,
these interactions corresponded to (a) holistic processing being
present over a very wide range of equivalent distances from real
heads, and (b) a general inverted-U-shaped pattern across distance
with the strongest holistic processing at distances between 2 and
10 m.
The next statistical analysis was designed to determine across
what range of distances signiﬁcant holistic processing was pres-
ent. Scores were substantially more reliable for the Mooney face
task than for the superimposed face task in Experiment 1, mean-
ing that it was feasible to compare each distance individually to
zero. This was done for the 53 distance conditions completed by
all subjects. With a Bonferroni corrected signiﬁcance level of
p = .0009 for 53 comparisons, the upright–inverted difference
was signiﬁcant for every distance ranging from .46 to 23.5 m
(all ps < .0009). The only distances not producing signiﬁcant
holistic processing were the very furthest two (27.45 m,
p = .022; 34.68 m, p > .9) and the very closest group (distances
less than .15 m taken as a group, tested for only 4 subjects,
t(3) = 1.245, p > .3). Thus, in terms of the distance-grouping la-
bels used in Experiment 1, holistic processing was again not ob-
served at very close personal distances (<.15 m), but signiﬁcant
holistic processing was present at conversation-friend distances,
conversation-colleague distances, and at identiﬁcation distances
of 2–10, 10–20 and 20 m (Fig. 3d).
Comparing neighbouring categories, holistic processing was
stronger for conversation-colleague than conversation-friend,
t(9) = 5.445, p < .001, and increased further to a maximum for 2–
10 m, t(9) = 4.342, p = .002. It then began to weaken again, being
smaller for 10–20 m than 2–10 m, t(9) = 3.800, p = .004, smaller
again for 20–30 m than 10–20 m, t(9) = 10.895, p < .001, and absent
beyond approximately 25–30 m. (The p values are uncorrected; all
differences remain signiﬁcant if Bonferroni correction is applied.)3.2.3. Tuning curves for individual subjects
Unlike the salience bias data from Experiment 1, the Mooney
face data were stable enough to examine on an individual sub-
ject basis. Plots for each of the 10 subjects are shown in
Fig. 4. It can be seen that all individuals produced the peak of
holistic processing at a very similar distance, and that most
had similar patterns of falloff at long distances. At close viewing
distances, in contrast, there were some quite noticeable individ-
ual differences. The plots have been ordered from the subject
with the strongest holistic processing at close distances (top left)
to the subject with weakest holistic processing at close distances
(bottom right) to illustrate this range.3.2.4. Summary
The major conclusions of the Mooney face method are the same
as those from the superimposed faces method in Experiment 1.
Speciﬁcally, holistic processing operates over a very wide range
of distances and follows an asymmetric U-shaped tuning function
with has a broad maximum of strength at 2–10 m.
With increased statistical power, Experiment 2 now found sig-
niﬁcant holistic processing at very long viewing distances: the ef-
fect was unambiguously signiﬁcant at 23.5 m, and also could not
be ruled out at 27.45 m (uncorrected p = .022). Experiment 2 also
conﬁrmed holistic processing at ‘conversation-with-friend’ dis-
tances of 46–80 cm. In Experiment 1, holistic processing in this cat-
egory was signiﬁcant without Bonferroni correction, and on a sign
test, but not with correction. In Experiment 2, every individual dis-
tance tested in this range produced unambiguously signiﬁcant
holistic processing.
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Fig. 4. Mooney face ratings for the 10 individual subjects.
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experiments
An important aim of the present study was to provide a formula
for the tuning function relating distance-from-a-real-head to the
strength of holistic processing. Fig. 5 shows holistic processing
scores in each experiment (i.e., salience bias to upright for whole
faces in Experiment 1; upright minus inverted ratings in Experi-
ment 2), along with the best-ﬁtting function discovered. For both
experiments, the curve used to ﬁt the data is a Gaussian-minus-
decaying-exponential, with the general formula given in Fig. 5. This
choice of function was empirically derived rather than having any
theoretical basis.
As can be seen in Fig. 5, the Gaussian-minus-decaying-exponen-
tial provides a good ﬁt to both data sets, with the caveat that it per-
haps does not fully capture the degree of ﬂatness of the peak of
holistic processing in the superimposed faces experiment. The R2
for the ﬁt was .98 for the Mooney face data, and .84 for the super-
imposed faces data (where SEMs bars for individual points were
quite a lot larger; see Table 1 vs Table 2).
Regarding quantitative values taken from the ﬁts, there was
generally good agreement across the two different tasks. Taking
the distances corresponding to 90% of the peak strength as an
approximate estimate of the ﬂat region of maximum strength gave
3.98–11.8 m for superimposed faces, and 1.68–11.4 m for the Moo-
ney face. The values agree very well regarding the far edge of thepeak region (11.8 m vs 11.4 m). Regarding the close edge, there
was moderate disagreement (3.98 m vs 1.68 m), although note
the Mooney face data are clearly more internally consistent in this
region. To further characterise the curves, the distances producing
50% of the peak holistic processing value were calculated. The fall-
off at far distances agreed well across the two experiments, with a
50% point of 19.5 m for superimposed faces, and 21.6 m for the
Mooney face. For the falloff at close distances, the 50% point was
1.05 m for superimposed faces, and .45 m for the Mooney face.
The calculation of the 50% points also formalises the asymmetry
of the distance-tuning function, by demonstrating a steep rise to-
wards the peak region followed by a much shallower falloff beyond
that region.
Overall, considering both the ﬁts and the actual data points, it
can be seen that the two different methods for assessing holistic
processing produced: very good agreement on the form of the
function describing the distance tuning curve; very good agree-
ment on the general position of the region of peak strength (best
described as covering approximately 2–10 m); very good agree-
ment on the position of the edge of the ﬂat region at further dis-
tances; and very good agreement on the rate of falloff in strength
at distances beyond 10 m. In the only difference of note, there
was some suggestion that holistic processing might rise more dra-
matically over the conversational distances, between .25 and 2 m,
in the Mooney face task than in the superimposed face task. This
apparent difference may be spurious. Fig. 4 shows that at least
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278 E. McKone / Vision Research 49 (2009) 268–283some individual subjects in the Mooney face experiment showed a
slower-rise pattern similar to the mean result for Experiment 1.
Further, the Mooney face measure was clearly more reliable than
the salience bias measure, as indicated by larger effects relative
to the SEMs and much better consistency in pattern of small differ-
ences across adjacent conditions, and thus might more clearly re-
veal the pattern of growth.
5. General discussion
Previous studies using the composite effect, upright salience
bias, and the difﬁcult Mooney face have shown that holistic pro-
cessing is present at simulated observer-target distances of
approximately .94–2.3 m. Present results replicate these previous
ﬁndings: clear holistic processing was present at 1–2 m.
The present results also show, however, that this distance is not
the optimum for holistic processing. Maximum strength occurred
in the 2–10 m range. Holistic processing began to weaken rapidly
as the face was shifted closer than 2 m, in addition to falling off
slowly at distances longer than 10 m, giving rise to an asymmetric
inverted-U-shaped tuning function. Holistic processing operated to
some extent over a very wide range of distances: the closest sim-
ulated distance at which signiﬁcant holistic processing was found
was .46 m, and the furthest 23.5 m. The presence of some effect
even outside this wide range cannot be ruled out.
To make the various key distances referred to concrete to read-
ers, Fig. 6 illustrates people interacting in natural settings at dis-
tances of 23.5, 20.5 (the far 50% strength point, averaged across
the two experiments), 10, 2, and .46 m.
5.1. Justiﬁcation of tasks
Before turning to theoretical interpretation of the results, it is
perhaps worthwhile drawing together the evidence justifying the
particular tasks used in the present study as measures of holistic
processing and, moreover, as producing valid data regarding dis-
tance tuning effects.
In the superimposed faces task, the present results replicate
previous ﬁndings (Martini et al., 2006) showing that only intact
faces produce a perceptual bias to upright, and not scrambled
faces. For the Mooney task, present results replicate previous ﬁnd-
ings (McKone, 2004) that a very strong percept of the face uprightcan be combined with essentially no percept of it inverted. Given
the extensive independent evidence that holistic processing does
not occur for either scrambled faces or inverted faces (e.g., Tanaka
& Farah, 1993), these results demonstrate that both tasks directly
measure holistic processing.
Another possible issue is that each task used only one particular
face image. Might this damage generalisability of the results in
some way, or encourage reliance on unusual strategies? The evi-
dence argues against this interpretation. If subjects were using
unusual strategies to guide their response in a given task, there
is no reason why the tuning curves should agree so nicely across
the two dramatically different tasks, nor why the individual-sub-
ject analysis in the Mooney face task should produce very similar
tuning curves for each of 10 subjects who were naïve as to the pur-
poses of the experiment (and thus had no expectations regarding
where the peak distance should be, or even whether there should
be a peak at all). Regarding generalisability, previous studies have
shown that, with respect to another face property, the present
tasks produce very similar tuning curves to different measures of
holistic processing that used different faces (peripheral inversion
effect, categorical perception in noise, Thatcher illusion) and many
more faces (composite effect): these studies examined tuning of
holistic processing with image-plane rotation (upright through in-
verted), and found remarkably good agreement across the present
tasks (Martini et al., 2006; McKone, 2004) and all others (McKone,
2004; McKone et al., 2001; Murray et al., 2000; Rossion & Bore-
manse, 2008).
Overall, therefore, there is every reason to believe that the tasks
used in the present study provide good and generalisable measures
of holistic processing.
5.2. Observer-target distance effects for holistic processing vs overall
face recognition
Returning to theoretical interpretation, Loftus and Harley
(2005) provided an estimate of the effects of observer-target dis-
tance on overall face identiﬁcation accuracy. According to their
model, face recognition accuracy is stable up until a face is approx-
imately 15 m away, and then degrades rapidly until it reaches ﬂoor
at 45 m. The present study examined the distance tuning of specif-
ically the holistic component of face recognition. Results indicate a
quite different shape of function: an inverted-U for holistic pro-
Fig. 6. Natural settings illustrating the viewing distances between two people that correspond to various strengths of holistic processing: the furthest distance at which
holistic processing was statistically signiﬁcant (23.5 m; white bars mark position of the people); the distance further than the peak at which holistic processing was reduced
to 50% of its maximum strength (20.5 m); the further end of the peak distance range (10 m); the closer end of the peak distance range (2 m, shown both outdoors and
indoors); and the closest distance at which holistic processing was statistically signiﬁcant (.46 m). The peak region for holistic processing can be seen to correspond to
environmental distances at which accurate face identiﬁcation is particularly socially important.
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recognition.
At longer distances, results for holistic processing and overall
face recognition are very similar. Loftus and Harley’s experimental
studies of celebrity naming showed identiﬁcation accuracy was
above 80% correct for sizes equivalent to distances of 6–10 m,
had dropped to 40% at 20 m, and was zero at 40 m. This tuning
for overall recognition appears very similar to that shown for holis-
tic processing in Fig. 5 over the same distances; for example, Loftus
and Harley’s 50% reduction in overall recognition at 20 m matches
almost perfectly the present estimates of 50% reduction in holistic
processing at 19.5 (Experiment 1) and 21.6 m (Experiment 2). The
correspondence could indicate either that (a) at medium and long
observer-target distances, overall accuracy is driven directly by
holistic processing with little input from part-based processing,
or (b) that both part-based and holistic processing contribute but
both have the same decay function at longer distances.Where the two curves diverge dramatically is in the close view-
ing distances. At distances less than approximately 1.7 m from a
person, holistic processing weakens strikingly. This is in contrast
to the Loftus and Harley model in which overall identiﬁcation
accuracy would remain at ceiling in this range. Now, Loftus and
Harley’s own experiments did not test simulated distances closer
than approximately 6 m (their estimates in the closer range de-
rived indirectly from results of Hayes et al., 1986). Common obser-
vation, however, supports their contention that face recognition
remains excellent much closer than 6 m. Readers are invited to
take a nearby lab member and check for themselves that at dis-
tances of 1, .8, or .5 m, there would be no reason to expect any
problems with face identiﬁcation (also see the .46 m illustration
in Fig. 6). Lott et al.’s (2005) description of their data also implies
good identiﬁcation at .75 m. Given this, I conclude that the dissoci-
ation between holistic processing and overall face recognition at
close distances is genuine, and suggest that part-based processing
280 E. McKone / Vision Research 49 (2009) 268–283contributes relatively more to overall performance at close dis-
tances than at far distances. Presumably the reason for this is that
a face begins to collapse into a set of unrelated parts once it gets
too close.
5.3. Why is the holistic maximum so far away?
The remarkable ﬁnding of the present study is just how far
away a face is when it starts to become ‘too close’. Prior to seeing
any data, one might have imagined that holistic processing would
break down for, perhaps, the equivalent of a real head viewed at
10 cm: a face at this distance is so large that it seems impossible
to attend to all of it simultaneously. The results, however, argue
holistic processing begins to weaken as soon as a person is less
than 2 m away. A real head 2 m away subtends a visual angle of
6 and at even at .8 m it is still only 15. At these stimulus sizes,
it is hard to imagine that holistic processing is falling off simply be-
cause the subject cannot ‘see’ all parts of the face at once.
What are the alternative explanations? One related idea is that
the drop-off at close distances could represent some general inabil-
ity to attend globally to a stimulus when the elements (i.e., the
individual face features) become even moderately separated in
space, noting that global preference in Navon ﬁgures (e.g., large F
made of small As) disappears if the elements (the small As) are well
spaced relative to the size of the whole (Yovel, Yovel, & Levy, 2001).
However, in the present study there is a drop-off at close distances
only because there exists an effect at further distances. If the ‘holis-
tic processing’ present at these further distances represented
merely a generic global preference then the scrambled face stimu-
lus should have shown salience-bias-to-upright, and the Mooney
face should have been perceived inverted, because both of these
stimuli still have global structure. Thus, the drop-off at close dis-
tances cannot represent a reduction in strength of generic global
processing, but instead must reﬂect the decay of something face-
speciﬁc: that is, face-type holistic processing.
A second proposal could be that holistic processing was stron-
gest simply when the experimental stimulus matched the size of
the fovea. This is a logical possibility, given that visual acuity is
best in the fovea, and that bringing a face closer will cause some
of it to fall in lower-acuity regions of the retina, while moving it
far away so that it covers less than the full foveawill also reduce res-
olution. Because the two experiments showed different proportions
of the head (an egghead in Experiment 1; full head hair-to-chin in
Experiment 2), it is possible to tease apart effects of retinal size
and simulated distance. Regarding retinal size, the results of Exper-
iment 1 were potentially consistent with a foveal interpretation in
that holistic processing was strongest at the two stimulus sizes
(1.2, 1.9) closest to the diameter of the rod-free fovea (1.7) and
noticeably weaker at the larger size of 4.2 (Table 1); the results of
Experiment2,however,were incleardisagreement,with theholistic
processingpeak shifting to includemuch larger stimuli (1.3 through
6.6). It is only when the stimulus sizes are reconsidered as the dis-
tance equivalent from a real head that the two experiments agree.
Thus, the strength of conﬁgural processing tracked computed obser-
ver-target distance, not the size of the stimulus relative to the fovea
(or, indeed, any other region of the retina).
A more viable idea refers to the functional value of holistic pro-
cessing for faces. The present results show a maximum at distances
required most often for identiﬁcation during approach in the envi-
ronment (see Fig. 6). Reliable identiﬁcation by 10 m away would be
very useful, for example, in cases where the person identiﬁed
might be expected to offer violence. Similarly, when approaching
someone on a footpath in the vicinity of one’s workplace, it is so-
cially essential to have decided before that person is 2 m away
whether to smile at them (s/he is familiar) or ignore them (s/he
is unknown).At ‘‘conversational” distances, holistic processing was weaker.
These distances are particularly important for recognising subtle
nuances of emotion. Certain expressions can be easily detected fur-
ther away (e.g., the white teeth of a smile), but distinguishing mild
sadness from confusion, or confusion from boredom, would com-
monly require fairly close viewing. The present results suggest
that, although holistic processing occurs for facial expressions (Cal-
der et al., 2000), it might perhaps be less well tuned for the needs
of expression processing than for the needs of identity processing.
Looked at the other way around, perhaps expression perception
might rely less strongly on holistic processing than does identity
perception. Also note that studies of holistic processing for expres-
sion (Calder et al., 2000; White, 2000) have examined only the six
‘major’ expressions (strong examples of happiness, sadness, fear,
anger, disgust, surprise). No empirical evidence is available regard-
ing the strength of holistic processing for subtle facial expressions,
such as a composite of the top-half of boredom with the bottom-
half of confusion.
Overall, the present study assessed holistic processing with
tasks that were neutral with respect to cueing attention to identity
vs expression. Under this circumstance, holistic processing was
strongest at distances more useful for identiﬁcation than expres-
sion perception, despite the lack of any explicit task requirement
to identify or discriminate faces. In future studies it could be valu-
able to test for top-down inﬂuences on the distance-tuning func-
tion of holistic processing. For example, the peak of holistic
processing might perhaps shift to closer viewing distances in tasks
explicitly directing attention to expression (e.g., an expression
composite task as compared to an identity composite task).
5.4. The peak distance for holistic processing does not correspond to
viewing a ‘low spatial frequency’ face
Goffaux and Rossion (2006) showed that holistic processing was
strongest for low spatial frequency band-pass faces, weaker for
medium-frequency faces, and weaker again for high-frequency
faces (see Fig. 1). Our ﬁndings showed holistic processing was
maximum at a viewing distance (2–10 m) which would make a
natural face moderately small (head size = 6–1.3). Taking these
two observations together, one might ask whether our peak of
holistic processing could reﬂect a system designed to best pick
up natural faces that look like Goffaux and Rossion’s LSF faces. In
principle, this could be feasible given that increasing observer-tar-
get distance decreases acuity for details.
The data, however, do not support this interpretation. The de-
gree of blurring in Goffaux and Rossion’s ‘low spatial frequency’
face in no way matches the degree of blurring that, according to
Loftus and Harley’s (2005) model of distance effects on spatial fre-
quency ﬁltering, is induced by a 2–10 m viewing distance (see
Fig. 1). Loftus and Harley give an example of the appearance of a
natural face image (Julia Roberts) viewed at 13 m; the face is far
less blurred than Goffaux and Rossion’s LSF (2–8 cpf) faces. Very
approximate interpolation between Loftus and Harley’s examples
suggests a distance of perhaps 30 m would be required to reach
the high levels of blur present in Goffuax and Rossion’s (2006)
LSF face. At this distance in the present study, holistic processing
was essentially zero. Thus, we can rule out the idea that the peak
of holistic processing occurs at the size/distance for which a natu-
ral face appears ‘‘low spatial frequency”. Instead, Loftus and Har-
ley’s model shows that a natural face appears only slightly
blurred at 2–10 m (indeed, barely at all at 2 m), so the peak holistic
processing distance corresponds to a face containing at least med-
ium as well as low spatial frequencies, and at the closer distances
in the peak range, many high spatial frequencies as well.
This does not mean the relationship between low spatial fre-
quencies and holistic processing is uninteresting. Some form of link
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bilateral cataracts removed at 2–6 months never show the com-
posite effect (Le Grand, Mondloch, Maurer, & Brent, 2004), despite
excellent recognition of individual face halves; this apparent criti-
cal period in early infancy for the establishment of holistic process-
ing occurs at the age at which infants’ vision is driven by low
spatial frequencies (Le Grand, Mondloch, Maurer, & Brent, 2003,
p. 1108; although note faces appear only very slightly blurred even
to newborns when seen at typical baby-holding distances, Johnson,
2005). Whether an association continues through to adulthood is
thus an important question.
Teasing apart the contributions of spatial frequency and view-
ing distance to holistic processing is by no means a simple process.
Theoretically, the interaction between the two variables will be
complex (Loftus & Harley, 2005); for example, the standard ‘con-
trast sensitivity function’ (determined at threshold contrast) does
not apply to above-contrast stimuli (Georgeson & Sullivan, 1975),
and the importance of different spatial frequency bands can vary
as a function of task for natural stimuli (Oliva & Schyns, 1997).
Empirically, the minimum data required to begin exploring the
relationship would be similar to that provided by Hayes et al.
(1986), but for holistic processing rather than for overall face rec-
ognition; namely, experiments in which, for a number of spatial
frequency ﬁlters in turn, frequency band is held constant while
holistic processing is tested at several different viewing distances.
5.5. Neural locus of size/distance tuning of holistic processing
In monkeys, Rolls and Bayliss (1986) found that most face selec-
tive cells are relatively invariant to stimulus size: the median size
change tolerated with a response of greater than half the maximal
response was 12 times. Unfortunately, there appears to be no dataEquivalent distance from head (m)
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Fig. 7. Tuning of holistic processing in several dimensions. A. Fit to present Mooney face d
Gaussian ﬁt (R2 = .99) in ±135 range to Mooney face data from McKone (2004); outsid
approximately ±135. The same tuning function has been found with four other techniqu
2001), peripheral inversion (McKone, 2004), and composite effect (Rossion & Boremanse
three-quarter and proﬁle views of upright faces, using composite and peripheral inver
Goffaux and Rossion (2006). Dual x-axis labelling is used because the SF manipulation a
human faces, holistic processing has not been found for dog faces (part-whole effect, Ta
McKone, 2007), or the artiﬁcial animal-like objects greebles (Gauthier & Tarr, 2002; Gauth
complete review of ﬁndings for nonface structures.available on the size/distance tuning of cells speciﬁcally involved
in holistic processing. Perrett, Rolls, and Caan (1982) showed that
some cells can have more holistic response proﬁles (i.e., respond
strongly to the whole face but weakly to the component parts),
while others have proﬁles more consistent with part-based pro-
cessing (i.e., respond as strongly to each component as to the
whole). However, cell type and stimulus size have not been facto-
rially varied.
The situation is similar in humans. Adaptation aftereffect stud-
ies argue for a large number of size-general cells, in that afteref-
fects to distorted faces (Webster & MacLin, 1999) generalise
rather well over substantial size changes (Zhao & Chubb, 2001),
but nothing is known about the role of holistic vs part-based cod-
ing in these aftereffects. In the only direct study of holistic process-
ing and the human brain, Schiltz and Rossion (2006) combined
neuroimaging and the composite effect to show that the Fusiform
Face Area is a site of holistic processing; however, the study tested
only one face size.
It would therefore be valuable for future single unit recording
and neuroimaging studies to provide a systematic investigation
of the size tuning of holistic-type neurons independent from
part-based type neurons, and of holistic processing in the Fusiform
Face Area. The most interesting stimuli to examine would presum-
ably be large faces corresponding to close observer-target dis-
tances, given that the present results suggest that it is at these
sizes that holistic processing dissociates from overall face
identiﬁcation.
5.6. The tuning curve of holistic processing in multiple dimensions
Fig. 7 summarises what is now known about the tuning of
holistic processing with respect to multiple different stimulus?
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 from upright (˚)
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pright -> inverted C. View: Front -> profile
E. Similarity of structural form to human face
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?
ata taken from Fig. 5, using the Gaussian-minus-decaying-exponential function. (B)
e this range curve is drawn in by hand because holistic processing reached zero at
es: salience bias (Martini et al., 2006), categorical perception in noise (McKone et al.,
, 2008). (C) McKone (2008) found holistic processing to be equally strong for front,
sion techniques. (D) Composite effect for spatial frequency band-pass faces from
lso varies similarity to natural face images. (E) In comparison to strong effects for
naka & Gauthier, 1997), side views of dogs with heads (composite effect, Robbins &
ier, Williams, Tarr & Tanaka, 1998); see McKone, Kanwisher & Duchaine (2007) for a
282 E. McKone / Vision Research 49 (2009) 268–283manipulations. I have provided this ﬁgure with the hope that it will
be useful for theory building and testing. Any viable model of holis-
tic processing will need to be able to predict all of these properties
simultaneously. For example, a theory in which the strength of
holistic processing were determined by a simple linear relationship
to the frequency of experience with different natural face images is
not necessarily rejected by the present ﬁndings (although I am
aware of no information regarding whether faces are, in fact, more
commonly viewed at 2–10 m than at other distances). However,
such a theory is inconsistent with the tuning properties for depth
rotation: proﬁle views are rarer than front views, but show equally
strong holistic processing.
The most straightforward manipulations to describe and
interpret are shown in Fig. 7a–c. These show that holistic pro-
cessing for faces operates over a very wide range of viewing
distances with an asymmetric U-shaped tuning function (pres-
ent study), is limited to orientations within approximately 90
of upright and has bell-shaped tuning with image-plane rota-
tion (Mooney face, peripheral inversion method; McKone,
2004; superimposed faces, Martini et al., 2006; composite effect,
Rossion & Boremanse, 2008; Thatcher illusion, Murray et al.,
2000), and is unaffected by rotation in depth from front view
through proﬁle (composite effect, peripheral inversion; McKone,
2008; no data are available for ‘cheek’ and ‘back of head’ view-
points) .
Fig. 7d illustrates the results of Goffaux and Rossion (2006),
indicating that holistic processing is stronger for LSF band-pass
faces than for HSF band-pass faces. Note that holistic processing
is not based only on LSF information: Goffaux and Rossion
(2006) found signiﬁcant holistic processing even for HSF faces,
consistent with earlier results suggesting a holistic representa-
tion includes HSF information (for discussion, see McKone
et al., 2001, p. 595). Also, note that there is some ambiguity
about the exact variable manipulated by Goffaux and Rossion.
It is not necessarily the case that holistic processing depends
on spatial frequency band per se. LSF faces look like natural
faces viewed at a long distance (approximately 30 m), while
HSF faces are an image-type that occurs under no natural view-
ing conditions, and so the strength of holistic processing could
also be understood as ordered by similarity to the set of natural
face images.
Finally, in Fig. 7e we come to the question of how tightly
tuned holistic processing is to face structure. I have sketched
out an ordering of different stimuli in terms of how similar
they are to a human face. Results indicate holistic processing
does not occur even for dog faces (in front view, for novices
or experts; Tanaka & Gauthier, 1997), nor for side-on views of
Labrador dogs (novices and experts, Robbins & McKone, 2007)
nor for greebles (novices and experts, Gauthier et al., 1998).
Holistic processing can even be tuned to members of one’s
own race, with weak part-whole (Tanaka, Kiefer, & Bukach,
2004) and composite (Michel et al., 2006) effects for novel
other-race faces, although this reduction can be overcome with
only 1 h of familiarisation training with other-race individuals
(McKone, Brewer, MacPherson, Rhodes, & Hayward, 2007), sug-
gesting it does not represent a permanent tuning to own-race
face structure.
Overall, a picture is emerging that holistic processing is very
tightly tuned to the structure of a human face, seen in or close
to the upright orientation but in any viewpoint, and seen over a
wide range of distances but with a maximum in strength for
identiﬁcation during approach. Moreover, a holistic representa-
tion of a familiar individual includes information at a wide
range of spatial frequencies (possibly with a LSF bias); it can
also be used to ﬁll in at least some missing or occluded parts
(Moscovitch et al., 1997).Acknowledgments
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